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Summary 
A multi degree of freedom motor can constitute small-sized and lightweight systems capable of performing 
complicated motions. Furthermore, applications to industrial instruments by means of direct drive are expected 
to be promising. This study is aimed at developing practical multi degree of freedom motors capable of performing 
high-power rotary and linear motions using conventional three-phase inverters. This report proposes a motor that 
performs rotary and linear motions. First, we present a method for installing a salient pole on a needle with 
magnets, which can enable the use of soft magnetic materials with low eddy-current loss as iron cores. This 
study demonstrates the effectiveness of the salient pole in increasing the electromagnetic force. Then, the model 
is used to explain the interactive magnetic interference generated by the armature currents for rotational and 
translation motions. 
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Fig.1 Structure of electromagnetic actuator.  

Fig.2 Positions of the salient poles and dq-axis. 
 

Ͳ      Ͳ
െ߱ܯௗሺܮሻ     Ͳ
ܴ ൅ ݌ሺܮௗሺܮሻ ൅ ݈ሻ െݒ൫ܮ௤ሺܮሻ ൅ ݈൯
































































































  ߬ ൌ ௡ܲൣ߰݅௤ሺܴሻ ൅ ൛ܮௗሺܴሻ െ ܮ௤ሺܴሻൟ݅ௗሺܴሻ݅௤ሺܴሻ
െ ܯௗሺܮሻ݅ௗሺܮሻܮ௤ሺܴሻ൧      




൅ ܯௗሺܮሻܫோܫ௅ݏ݅݊ߚ௅ܿ݋ݏߚோ൨  
  ൌ ߬௠ ൅ ߬௥ ൅ ߬௪ ǡ                          ڮ ሺ͵ሻ

 ݂ ൌ ௡ܲൣ߰݅௤ሺܮሻ ൅ ൛ܮௗሺܮሻ െ ܮ௤ሺܮሻൟ݅ௗሺܮሻ݅௤ሺܮሻ
െ ܯௗሺܴሻ݅ௗሺܴሻܮ௤ሺܮሻ൧      


















㛵ಀࢆ Fig.3 ࡟♧ࡍࠋ݅ௗሺܮሻ ൏ Ͳࡢ࡜ࡁࡣ Fig.3(a)࡟♧ࡍ
ࡼ࠺࡟ᅇ㌿ᕳ⥺࡟㍈㟁ὶ݅௤ሺܴሻࢆὶࡍ࡜㸪࣮ࣟࣞࣥࢶຊ
ࡀస⏝ࡋ࡚ṇࡢࣜࣛࢡࢱࣥࢫࢺࣝࢡࡀⓎ⏕ࡍࡿࠋ୍᪉㸪







࡟♧ࡍ݅ࠋௗሺܴሻ ൏ Ͳࡢ࡜ࡁࡣ Fig.4(a)࡟♧ࡍࡼ࠺࡟݅௤ሺܮሻࢆ
ὶࡍ࡜㸪ṇࡢࣜࣛࢡࢱࣥࢫ㟁☢ຊࡀⓎ⏕ࡍࡿࠋ୍᪉㸪




݅ௗሺܴሻ ് Ͳ ר  ݅ௗሺܮሻ ് Ͳ        ڮሺͷሻ
ࡢ࡜ࡁ㍈㛫࡟☢Ẽᖸ΅ࡀ⏕ࡌࡿࠋ

Fig.3 Magnetic interference of Ld(L)Id(L) and iq(R). 
 

Fig.4 Magnetic interference of Ld(R)Id(R) and iq(L). 
 
Fig.5 Current phase angel versus torque characteristics. 
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Fig.7 Electromagnetic force and d-axis electric current. 
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